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D.A. Harris, A. Al-Allak, J. Thomas and A.R. Hedges*Princess of Wales Hospital, Coity Rd, Bridgend CF31 1RQ, UKObjectives. In the absence of formal screening abdominal aortic aneurysms (AAA) are detected in an opportunistic manner.
Many remain asymptomatic and undetected until they rupture. Incidentally discovered small AAAs are entered into a
surveillance programme until they reach a suitable size for repair.
The aim of this study was to examine trends in the management of AAA and whether the method of presentation had an effect
on subsequent mortality.
Design. Observational study in UK district general hospital.
Materials/methods. This study reports a single surgeon case series identified using a prospectively maintained database.
Data on mode of presentation, management and mortality were retrieved from case notes, PIMS hospital database and the
Office of National Statistics.
Results. Two hundred and five patients were referred with AAAs between 1992 and 2004, 78% presenting in elective
circumstances. The surveillance programme fed 33% of the operated cases. Two aneurysms ruptured whilst under
surveillance. Overall elective operative mortality was 11.8% and has progressively decreased over time. Thirty-day operated
mortality was significantly lower in patients having a period of surveillance than those having immediate elective repair (2.3
vs. 16.3%, pZ0.018). A slight reduction in emergency AAA repairs was noted over the study period (r2Z0.6) although
registered aneurysm deaths continue to increase (r2Z0.83).
Conclusions. Elective mortality following AAA surgery decreased over the study period. Outcome was better in those
patients who had surgery for aneurysms that had been under surveillance. Despite opportunistic screening the population
adjusted mortality rate of aortic aneurysms showed a progressive increase. A reduction in deaths from aneurysms is unlikely
without a formal screening programme.Keywords: Aortic aneurysm; Surveillance; Mortality.Introduction
Aortic aneurysms are the 10th commonest cause of
death in the UK with 8627 deaths in England and
Wales in 2004.1 The incidence of ruptured abdominal
aortic aneurysm (AAA) in Wales is eight per 100,000
population2 with an attendant risk of death of 40–
60%.3,4 The incidence of aortic aneurysms is consist-
ently increasing in the UK.5
Abdominal aortic aneurysms (AAA) are tradition-
ally detected in an opportunistic manner and often
remain asymptomatic and undetected until they
rupture.6,7 An increasing number of aortic aneurysms
are being detected as a result of radiological investi-
gation of unrelated conditions,8 and as a result are
detected at a smaller size than that achieved by clinicaling author. A.R. Hedges, MS, FRCS, Consultant
geon, Princess of Wales Hospital, Coity Rd, Bridgend
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surveillance until aneurysm size reaches 5.5 cm is
employed and has been shown to be safe with an
annual rupture rate of 1%.9 Modern aneurysm
management is concerned with the detection and
timely elective repair of asymptomatic AAA thereby
preventing rupture. Accordingly, there has been great
interest in screening for this potentially life threatening
condition. Certain patient groups are known to have
an increased incidence of AAA such as those with
hypertension, claudication10,11 and a family history of
aneurysmal disease.12 Although selective screening of
these groups has been considered, data from Glouce-
ster and Chichester and more recently the MASS trial
have demonstrated a significant reduction in mortality
as a result of unselective screening programmes.13–15
It is clear that the modern detection of AAAs has
been subject to much change of recent and will be
radically different in the era of nationwide screening. It
was, therefore, of interest to examine the currentEur J Vasc Endovasc Surg 32, 140–145 (2006)
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Mode of Presentation Influences AAA Mortality 141demography of operated aneurysm cases and define
the current practice of a vascular surgeon in a district
general hospital prior to the introduction of a
population screening programme.Materials and Methods
Cases were identified from a prospectively maintained
database of aneurysm operations performed by a
single surgeon (ARH). Non-operative cases were
identified from hospital coding episodes, accident
and emergency records and clinic letters.
Aneurysms greater than 5.5 cm in males or 5 cm in
females were considered suitable for repair. Detected
aneurysms smaller than this were followed up in clinic
by vascular nurse specialist using portable ultrasono-
graphy (Sonosite Inc., Bothell, WA). Screening inter-
vals were yearly for aneurysms!4 cm, 6 monthly for
those between 4 and 5 cm, and at 3 monthly intervals
for O5 cm.16
Patients were considered suitable for aneurysm
repair based on size of aneurysm, co-morbidity, left
ventricular function, lung function testing and aneur-
ysm characteristics based on CT scan using a specified
aneurysm protocol.
Whereas before 1992 elective and emergency
aneurysm repairs were performed by general non-
vascular surgeons, after 1992 all cases were dealt with
by a vascular surgeon.
Patient survival was calculated using mortality data
obtained from the hospital Patient Information
Management System (PIMS) database. Mortality
statistics for the Bridgend area were obtained from
data published by the Office for National Statistics.
Disease codes 441 and I71 were used from the ninth
and 10th revisions of the International Classification of
Diseases (ICD-9)17 and ICD-10,18 respectively. Mor-
tality rate was expressed per 100,000, with local
population estimates obtained from the Office for
National Statistics.
Three patient groups are defined for the purposes of
our study. Group 1 aneurysms were detected at less
than 5.5 cm and had regular ultrasound surveillance
until reaching the threshold for (delayed) elective
repair. Group 2 aneurysms were detected at a size
greater than 5.5 cm and had prompt elective repair
without a surveillance period. Group 3 were emer-
gency or urgent repair of ruptured or symptomatic
aneurysms.
The end points of the study were outcome of
aneurysm detection (elective repair, emergency repair,
ultrasonographic surveillance or conservative treat-
ment) and 30-day operative mortality. We hypothesisethat incidental early aneurysm detection (group 1) is
associated with a better outcome than those detected
above the threshold for intervention (group 2).
Statistical analysis was performed using SPSSw
software version 11.5 (SPSS, Chicago, Illinois, USA).
The chi-squared test was used for comparison of
proportions and the Mann–Whitney test used for non-
parametric comparison of continuous data. Kaplan–
Meier survival curves were used to analyse differences
in mortality, and the log-rank test used to determine
differences. Cox regression analysis was used to detect
association between mortality and confounding
factors. Statistical significance was set at the 5% level.Results
Two hundred and five patients presented to a single
consultant from 1992 to 2004 inclusive. One hundred
and sixty-nine patients were operated upon by a single
consultant (132 elective repairs and 37 emergencies).
The remaining patients were either treated conserva-
tively or declined intervention. One patient was
referred for EVAR but was unsuitable.
One third of the elective referrals were entered into
a surveillance programme. Eighty-five percent (45/53)
of these patients were eventually repaired, accounting
for one third of all elective operations. The median
interval between onset of aneurysm surveillance and
surgery was 2 years (range 0.5–12 years). Two
aneurysm ruptures were observed in patients under-
going surveillance (4.5 and 5.3 cm diameter).
Of the asymptomatic referrals half were incidental
radiological findings mostly through abdominal ultra-
sonography and computed tomography (85%). One
third were incidental clinical findings, 10% were
detected through ultrasound screening of claudicants
referred to vascular clinic and the remainder were
detected through sporadic screening of high risk
groups.
The number of elective procedures increased
during the study period (Fig. 1) through an increasing
number of operated surveillance cases (group 1, r2Z
0.999). In contrast, emergency AAA repairs decreased
in the later years of the study. Thirty-day operative
mortality for elective surgery (groups 1 and 2) showed
a consistent decrease (rZ0.99) over the study period
(Fig. 2).
Thirty-day operated mortality was found to be
significantly different when elective surgery is separ-
ated into immediate elective repair (group 2, 16.3%) vs.
operating after a period of surveillance (group 1, 2.3%,
pZ0.018). Survival benefits in the surveillance group
persisted beyond 30 days. Five-year survival was 84%Eur J Vasc Endovasc Surg Vol 32, August 2006
205 referrals 
160 elective 45 emergency 
35 repairs 8 conservative 2 other 89 repairs 53 surveillance 18 conservative 
45 operated 
3 ongoing 
43 elective 
2 emergency 
3 later declined 
1 discharged 
1 died-refused 
Fig. 1. Number of elective repairs and emergency repairs performed over the study period. Elective numbers are split into
group 1 (operated surveillance cases) and group 2 (elective repair without surveillance).
D. A. Harris et al.142for group 1, 57% for group 2 and 46% for group 3.
Survival differences persisted until 8 years of follow
up (Fig. 3). Aneurysm size, patient age and year of
repair did not correlate with mortality differences
based on Cox regression analysis (Table 1), although
the surveillance group (1) was composed of more
radiologically detected aneurysms than group 2 (78 vs.
48%, c2Z125, 4 df, p!0.0001).
The population adjusted mortality rate for the
catchment area served by the hospital is shown in
Fig. 4, and shows a consistent increase in deaths from
aortic aneurysms over the study period (r2Z0.83).160 elective referrals 
116 asymptomatic 10 symptomatic 
58 radiological 
43 clinical 
12 claudicant screening
3 other 
Fig. 2. Thirty-day operative mortality for elective AAA
repair.
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The aim of abdominal aortic aneurysm management is
to treat the condition surgically before rupture
intervenes due to continued growth. Accumulating
evidence suggests that early detection of AAAs
through population screening has a significant effect
in reducing the mortality of this condition.
Despite an initially high elective operated mortality
a consistent decrease over time is observed. Our 12-
year overall mortality (11.8%) is higher than other
published series19 but represents the case mix
presented. All cases have been submitted to the
National Vascular Database with equal observed and
predicted mortality.
The consistent improvement in operative mortality
is attributed to a combination of pre-operative
cardiorespiratory optimisation and perioperative
measures such as use of a dedicated vascular
anaesthetist, selective pre-operative beta blockade
and the introduction of cell salvage technology.
Echocardiography assessment and selective lung
function testing permits operative risk assessment
and has improved case selection in line with current
evidence.20
Perhaps the most important factor leading to
reduced elective mortality is the increasing proportion
of patients whose aneurysms had been detected early.
Outcome was better in those patients who had surgery
for small aneurysms that had been under surveillance
(group 1) over those who did not have a surveillance
period and underwent prompt repair (group 2).
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Fig. 3. Kaplan–Meier survival curves for group 1 (operated
surveillance), group 2 (timely elective repair without
surveillance) and group 3 (emergency surgery). Difference
between operated surveillance cases and immediate elective
repair pZ0.02, log-rank test.
Table 1. Multivariate analysis of risk factors for death after elective
AAA repair
Wald Odds ratio p*
No surveillance
period (group 2)
4.9 2.2 (1.1–4.4) 0.026
Age 3.2 1 (0.997–1.06) 0.07
Size of aneurysm 0 1 (0.77–1.29) 0.99
Year of repair 7.4 0.87 (0.2–3.3) 0.68
Values in parentheses are 95% confidence intervals.
* Cox proportional hazards model.
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survival and persisted through 8 years of follow up.
This phenomenon was not explained by patient age,
aneurysm size or year of repair. Others21 have
reported significantly lower 30-day mortality and
long term survival after repair of screen-detected
aneurysms compared to incidentally discovered
aneurysm. This difference was, however, attributed
to a lower age of the screened population, which does
not explain our findings.
We propose two explanations for the difference in
mortality between the two groups. Firstly, if aneur-
ysms are detected early there is opportunity to control
cardiovascular risk factors. All such patients are
commenced on aspirin, ACE inhibitors and a statin;
hypertension is aggressively controlled and smoking
cessation instituted. For those aneurysms requiring
immediate repair there is no such opportunity for a
period of optimisation. It could also be argued that
those who adhere to a surveillance programme are
more proactive about their health and are more likely
to comply with risk factor modification.
Secondly, the surveillance group may have lower
mortality as those unfit for surgery were excluded at
presentation. Those presenting with larger aneurysms
are more likely to be advised to have aneurysm repair
because of the higher rupture risk, despite having
potentially worse co-morbidity. It is easier to turn
down an unfit patient with a small AAA than an unfitElective 30 day operated mortality
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Fig. 4. Registered aortic aneurysm mortality from 1993 to
2003 for the Bridgend area per 100,000 population.
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D. A. Harris et al.144one with a larger aneurysm at higher risk of rupture.
Data from Gloucestershire22 suggests that patients
with screen detected aneurysms have more favourable
pre-operative physiology scores as assessed by
P-POSSUM which would fit with this latter
hypothesis.
The majority of patients in our surveillance
programme had repair of their aneurysm (85%) in
contrast to other reports where 62% were repaired.23
This may reflect our policy of not performing
surveillance on those patients unfit for surgery and a
longer follow up period.
We noted two patients that had ruptures of small
aneurysms (mean size 4.9 cm) whilst under surveil-
lance (0.3% p.a.). This rate compares favourably with
other studies who quote rupture rates of 0.6–1%
p.a.9,23
Despite opportunistic screening and maintaining an
aneurysm surveillance programme with an attendant
decrease in emergency aortic surgery, the population
adjusted mortality rate of aortic aneurysms in the
Bridgend area showed a progressive increase over the
period studied. This mirrors the continuing escalation
of death rates caused by AAAs in England and Wales24
that may be explained by a true increase in aneurysm
incidence coupled with a failure to reduce deaths from
rupture of undetected aneurysms. This leads back to
the argument that mortality from aortic aneurysms
will only decline in the presence of a population
screening programme.15
Although screening of males over 65 years will
reduce AAA mortality it will not make emergency
repair a redundant procedure. In our series, 35
aneurysms were detected in the under 65-age group
which includes six ruptures (15% of all ruptured
AAAs). Although screening proposals exclude
females based on findings of similar incidences of
AAA rupture in screened and control groups25 we
found that 15% of our aneurysm referrals were female
and one third of these presented as emergencies. We
would argue that such recommendations do not take
into account regional variations and that AAA screen-
ing indications may be extended in some areas.
Despite a recommendation by the US Preventive
Services Task Force26 to screen men aged 65–75 for
AAA and a growing body of evidence demonstrating
reduction in AAA mortality as a result of screening,
the UK National Screening Committee continue to
keep plans for a population screening programme
under review in spite of evidence proving its cost
effectiveness.27 Our paper adds weight to the argu-
ment for early detection of asymptomatic aneurysms
as these patients, who have aneurysm repair when the
aortic diameter reached a pre-determined size, haveEur J Vasc Endovasc Surg Vol 32, August 2006both an immediate and long lasting protective effect
against post-repair mortality.References
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